Background: Previous studies show a variety of negative health consequences for the remaining workforce after downsizing events. This study examined self-reported work stress from 2009-2012 in the context of a large multi-site aluminum manufacturing company that underwent severe downsizing in 2009. Methods: This study examined the association between work stress and working at a work site that underwent severe downsizing. We assessed the level of downsizing across thirty plants in 2009 and categorized seven as having undergone severe downsizing. We linked plant-level downsizing information to individual workers' responses to an annual work engagement survey, which included three work stress questions. From 2009 to 2012 over 14, 000 employees were asked about their experience of work stress. Though the surveys were anonymous, the surveys captured employees' demographic and employment characteristic as well as plant location. We used hierarchical logistic regressions to compare responses of workers at severely downsized plants to workers at all other plant while controlling for demographic and plant characteristics. Responses to the work stress questions and one control question were examined. Results: In all yearly surveys salaried workers consistently reported having more work stress than hourly workers. There was no differential in work stress for workers at severely downsized plants in 2009. In 2010 to 2012, salaried workers who remained at severely downsized plants reported significantly higher work stress than salaried workers at all other plants across multiple work stress questions. Examination of the 2006 survey confirmed that there were no pre-existing differences in work stress among salaried employees working at plants that would eventually experience severe downsizing. In addition, there was no difference in responses to the control question at severely downsized plants. Conclusion: Salaried workers at plants with high layoffs experienced more work stress after 2009 than their counterparts at non-high layoff plants. Increased work stress is important to monitor and may be a mediating pathway through which the external economic environment leads to adverse health outcomes.
Background
Throughout the economic recession of 2007-2009 organizations reduced personnel through downsizing and layoffs leading to widespread increase in job insecurity even for those who remain employed [1] . Previous research has found job insecurity to be associated with worse mental and physical health outcomes for the remaining workforce, hereafter referred to as survivors [2] [3] [4] . Many of these studies examined perceptions of work insecurity (as opposed to externally measured downsizing) and
were undertaken in non-recessionary periods. During recessions when labor markets are weak and other work opportunities may be more limited, the sense of job insecurity may be particularly harmful. According to the American Life Panel survey conducted from 2008-2010, workers consistently overestimated their probability of losing their job in the upcoming year, suggesting persistent job insecurity was a prominent issue during the recent recession [5] .
In addition to job insecurity, downsizing is likely to be accompanied by increased workload for the surviving workers. Studies of health care workers after downsizing suggest there is an association between downsizing and greater workload [6] . Both greater workload and job insecurity may in turn cause work stress [7] , which previous studies have shown to have detrimental effects on health. Both stress at work and job strain, a related construct where employees have high work demands and low control, have been found to be associated with coronary heart disease [8, 9] , metabolic syndrome [10, 11] , and elevated blood pressure [12] [13] [14] .
In this study, we examined workers' self-reported work stress at a large multi-site, geographically diverse, aluminum-manufacturing company, Alcoa. Our study leveraged large annual company wide work engagement surveys from 2009-2012, which included data during the height of and after the large layoffs in 2009. We exploited the variation in the timing and intensity of layoffs at thirty Alcoa plants to categorize each plant as either having high layoffs or not. We then examined the relationship between plant-level intensity of downsizing in 2009 and individual-level perceptions of work stress for surviving workers from 2009-2012.
Study context
As a consequence of rapidly declining demand for products in the construction, aerospace and automotive industries, Alcoa was forced to cut production broadly leading to layoffs at every level of the organization in 2009 [15] . However, not all worksites experienced similar levels layoffs. Some worksites let go of as much as 40% of their workforce while others lost only 5%a turnover similar to that of normal times. We used the plant level variation in the severity of layoff to categorize plants by the intensity of the 2009 downsizing and evaluated perceptions of work stress for the remaining workforce from 2009 to 2012.
The outcome of interest, work stress, has been collected yearly through an anonymous survey of work engagement since 2006. The yearly surveys include three questions that deal specifically with work stress with identical wording and scales in all surveys. The survey is administered over a 20-day period between September and October of each year and employees are given time at work to complete it. Each survey is de-identified, but gender, race, tenure, employee type (hourly vs. salaried) and plant location are captured. The company encouraged employees to respond, providing them with paid time to respond to the survey, which contributed to the high response rates-exceeding 80% overall since 2008.
Methods

Data
Independent variable of interest: external measure of job insecurity
To create a measure of downsizing, we used personnel data. For thirty fully functional US plants with greater than 100 employees in 2008, we calculated the proportion of the workforces that was laid off in 2009. For these same plants we noted dates in 2009 where more than forty workers had their contract of employment terminated on the same date and classify these dates as mass layoff events. The downsizing measure was then defined by two criteria: 1) the proportional change in size of the workforce at the plant in 2009 and 2) having experienced a mass termination event. Worksites with 20-40% reductions in the workforce and a mass termination event were categorized as high layoffs plants. Using this definition, seven plants were considered high layoff plants. The remaining twenty-three plants served as control plants though workers at control plants experienced some downsizing as well. These cut offs are similar to those used in previous studies of examining downsizing events [16, 17] .
Individual-level self-reported work stress
Alcoa conducts an anonymous annual survey of work engagement administered through a third party vendor. The company then receives department level scores for the 32-question survey. At the request of the research team the third party vendor has included three validated work stress questions derived from previous surveys of work organization [18] . Workers were asked how much they agreed or disagreed, on a 5-point Likert scale, to the follow questions: 1) I find my work stressful, 2) I find that I am worn out at the end of the day, and 3) I find that work issues frequently remain on my mind after hours. In our analyses responses to each question were dichotomized. Workers who reported that they agree or strongly agree with each statement were considered to have work stress in the analysis to follow and each question is analyzed individually (though the Cronbach internal consistently score for the three questions ranges from 0.78-0.84). Figure 1 presents the response rate by year and plant type for the overall survey. The response rate was consistently over 70%, but response rates were substantially lower in 2006 (71%) and 2008 (75%). Data from the 2007 survey were not examined because plant identifiers could not be ascertained. From 2009 to 2012, response rates were relatively stable ranging from 83-87%. We excluded the 2008 surveys in the regression analyses and focused on the 2009-2012 surveys because 1) the response rate was lower and there were substantial differences in response rates by plant type, 2) the survey was conducted during the peak of the 2008 stock market crash and therefore responses may include ambient stressors and acute financial stressors outside of work, and 3) the layoffs in 2009 changed the composition of the work force dramatically from 2008. In supplemental analyses we examined the 2006 data to assess whether there were any pre-existing differences in reported work stress in plants that would eventually have high layoffs three years later. We present these analyses separately because the composition of the workforces who responded to the survey was different in 2006.
The responses to these surveys were anonymous. Though many of the same workers replied to the 2009-2012 surveys, we can not link individual responses from year to year, which precluded us from doing individuallevel longitudinal analyses, i.e. panels. In the regression analyses detailed below, we examined the responses to three work stress questions controlling for basic demographic characteristics collected in each survey year. These characteristics included gender, race, hourly/salary status, and tenure. In addition we used the change in county-level unemployment rate in each prior year (compiled from Bureau of Labor Statistics data www.bls. gov) as an additional area-level control to capture the conditions of the local labor markets.
Statistical methods
For perceived work stress, the three work stress questions were individually examined. We first described patterns of responses to each of the work stress questions over time, from 2006 and 2008-2012 by demographic group. We employed hierarchical logistic regressions to assess the association of an employee working in a plant categorized as having a high level of layoffs in 2009 and reporting work stress. Since each observation corresponds to one worker's survey responses within a plant, the hierarchical model accounts for clustering of survey responses within a plant. For each of the three work stress questions we used the logistic function to model the binary outcomes. We estimated the following models:
Model 2 is similar to Model 1 but allows for differential effects by worker type of working at a high layoff plant. Since each observation corresponds to one worker's survey responses within a plant, we modeled the overall error term, γ pi = α i + ε pi , using a randomeffects at the plant-level to account for the interdependence of the observations within plants. In addition, we included all available individual-level covariate controls as well as a control for changes in county-level unemployment rates in each preceding year. In addition to the three work stress questions, we also examined a fourth question throughout, "I am proud to work at Alcoa". Responses to this pride question were not correlated to the work stress question and are meant served as a control question in our analyses. The analysis of control question attempted to capture any systematic bias in employee responses. For example, there might have been some bias towards positive responses about the company in general after the 2009 downsizing from workers to exude an optimistic impression towards management, but these biases would lead to an underestimate of the effect of downsizing. On the other hand, if there were residual anger or disappointment towards the company for layoffs, then we would expect lower reports of pride in the company at high layoff plants. Overall, we expected less systematically positive or negative responses to the work stress questions because they were added to the survey by the research team and were not used in the third party vendor's assessment of work engagement.
In additional analyses we examined survey responses in the 2006 data. The composition of respondents to the 2006 survey was likely quite different than the respondents to the 2009-2012 surveys because of attrition, new hires and layoffs. Therefore, the two sets of analyses are not fully comparable. Nonetheless, the analysis of the 2006 data was conducted to assess pre-existing differences in work stress by plants that would eventually have high levels of layoffs. We also examined the control question in 2006.
Institutional review
The Stanford University Institutional Review Board approved this study's protocol, invoking the epidemiologic exemption waiving the requirement for individual consent. Table 1 provides descriptive statistics for the analytic sample. For each year in 2006 and 2009-2012 the mean proportion who agree with the work stress questions, the pride question, as well as the sample characteristics collected in the survey are presented. For each individual work stress item, 37-55% of the sample report work stress. While these proportions are relatively stable from 2009-2012, reports of work stress are much lower for all the questions in 2006. For the control pride question, there is a notable increase in the proportion of the sample that report being proud to work at Alcoa from 45% in 2006, to 57% in 2009 to 79% by 2012. The demographic characteristics of this sample are comparable to the entire Alcoa workforces; predominately white (70%), male (79%), hourly workers (70%) who have been working at Alcoa for at least 6 years (75%) for 2009-2012.
Results
Main analyses
The sample of survey respondents in 2006 include workers with shorter tenure, more salaried workers, and more workers from plants that would eventually experience high layoffs. Due to these differences, we examine the 2006 survey data separately.
For 2009-2012, the years of the main analyses, these demographic characteristics of the sample remain stable, though there is some difference in worker tenure over the four survey years. In 2009 less than 1% and in 2010 about 3% of workers report working at Alcoa for less than 1 year. There is some more hiring in 2011-2012 as is evident by the 5-8% of workers who report work at Alcoa for less than one year. Overall, most workers in the sample are long tenured employees. A large proportion of these workers, 34%, work at the 7 plants that had high layoffs in 2009 and 37% of them work at plants with union contracts for hourly workers.
In Figure 2 we present the proportion of employees who agree/disagree with the three work stress questions and the pride question in the 2006, and 2008 to 2012 surveys. For each question we aggregated the mean responses over three factors, gender, employee type and race. While the composition of survey respondents changed in each survey year (the 2006 survey was conducted prior to any knowledge of layoffs or the upcoming recession and includes many workers who would be leave Alcoa before 2009 or be laid off in 2009, the 2008 survey was conducted before large layoffs but at the peak of the stock market crash and includes may workers who would be laid off in 2009, the 2009 survey was conducted after several rounds of layoffs but before all layoffs were completed, the 2010 to 2012 surveys were conducted after much of the workforce had stabilized), the figure indicates that regardless of survey year salaried workers were more likely to report more work stress. The figure also shows that regardless of the demographic group, workers reported much lower work stress in 2006. In contrast, there is no evidence of a marked difference in the proportion of workers that agree or strongly agree with the work stress statements between 2008-2012. Figure 2 also shows large increases in the proportion of employees who report that they are proud to work at Alcoa in 2010-2012 as compared to 2006 or 2008-2009 across all demographic groups; the largest increase in reporting pride in working at Alcoa was among hourly workers from 2006 to 2008. Table 2 reports the association between working at a high layoff plant, the three work stress questions and the pride question from 2009-2012, our main analyses. The table presents both Model 1 and 2 for each question. In column one and two, we examine responses to the question, I find my work stressful. In 2009, we find that while more salaried workers report that they find their work to be stressful overall as compared to hourly workers (OR = 2.14; 95% CI 1.95 -2.34), there is no difference for workers who work at high layoff plants. In contrast by 2010, more salaried workers at high layoff plants report that they find their work to be stressful compared to salaried workers at non-high layoff plants (OR = 1.30; CI = 1.11-1.53). This differential is found again in 2011 and 2012 and its magnitude and significance remain quite stable. Results for the second work stress question, I find that I am worn out at the end of the day, are presented in columns three and four. We find that salaried workers reported being worn out more than hourly workers in all the survey years. In addition, there is no differential for salaried workers at high layoff plants compared to salaried workers at other plants in 2009 or 2010. However, by 2011 more salaried workers at high layoff plants reported being worn out than salaried workers at all other plants (OR = 1.26; CI 1.068 -1.486). This differential is observed again in the 2012 survey with very similar significance and magnitude to those found in 2011. Results for the final work stress question, I find that work issues frequently remain on my mind after hours, are presented in column five and six. Salaried workers reported higher rates of having work remain on their minds in all years. For this question there is no significant differential for salaried workers who worked at high layoff plants in any of the four years. In column seven and eight, we examined a control question, one not related to the work stress question but asked in the same survey, I am proud to work at Alcoa. Salaried workers consistently reported higher rates of pride in working at Alcoa as compared to hourly workers. However, for this question there was no differential at high layoff plants. Table 3 reports the association between the same questions as above and working at a plant that would eventually have high layoffs in three years. Many respondents in the 2006 sample will have been laid off in the 2009 downsizing events. Nonetheless, the analysis was necessary to show whether there were any differences in reports of stress well before the onset of the recession and layoffs to come.
Analyses of pre-existing trends
Though reports of work stress were much lower in 2006 overall (Figure 2) , salaried workers reported more work stress even in the 2006 survey. Salaried worker reported significantly higher work stress for two of the three work stress questions, I find my work stressful Note: In this table the number of observations reflects the sample that responded to all the outcome questions. For any given individual outcome, the number of observations may be slightly higher.
(OR = 1.41; 95% CI 1.30-1.53) and I find that work issues frequently remain on my mind after hours (OR = 1.69; 95% CI 1.52 -1.87). They were also somewhat less likely to report being worn out at the end of the day compared to hourly workers (OR = 0.91; 95% CI 0.81-1.01). There was no difference in reports of work stress or workers' pride in Alcoa for workers who worked at plants that would have high layoffs in 2009.
Discussion
This study explored the consequences of downsizing on work stress for survivors of layoffs in the context of a severe recession at a large multi-site manufacturing company. The results show that salaried workers consistently report more work stress, but that by 2010 -one year after severe downsizing-salaried workers at plants with high layoffs reported that they experienced more work stress than their counterparts at non-high layoff plants. The differential increase in work stress was found in two of the three work questions, and was corroborated in all three independent surveys done in 2010, 2011, and 2012. In contrast, though we documented more variation over time in the control question we examined, we did not observe any difference in reports of worker pride in Alcoa in high layoff plants further corroborating that our results were not an artifact. We also showed that there were no pre-existing differences in reports of work stress or pride in Alcoa at plants that would eventually have high layoffs in 2009. The results presented here are also in line with previous studies. A recent study using a population sample showed that among middle-aged, college-educated white men with full-time employment report increased stress from 2006 to 2009 [19] . This population would be very similar to the group that reported increased stress in our sample. In a more direct comparison, previous work in this workforces showed that employees who survive layoff but work at plants with severe downsizing, Asterisk indicate significance level of estimated coefficient: *** p < 0.01, ** p < 0.05, * p < 0.1. Note: Both model 1 & 2 include controls for worker's tenure, worker's race, worker's gender, whether the worker was employed at a union plant, and the change in the prior year's unemployment rate in the country of the plant. Model 2 incudes an additional interaction term between working at a high layoff plant and worker type to allow for a differential effect of working at a high layoff plant by worker type on stress outcomes. experience a higher incidence rate for hypertension than their counterparts in less affected plants [17] . Given the previously reported relations between work stress and health broadly, and previous findings within this workforce that remaining workers in high layoff plant after the 2009 layoffs had worse health outcome, we hypothesize that work stress may be a pathway linking the external economic forces with the health status change. In order to test such a hypothesis, that work stress mediated the adverse health outcomes previously found, we would need to examine whether including an individual's work stress would eliminate any association between health and working in a high layoff plant. However, we could not link individuals in the work engagement surveys to their health claims data, which was used in the previous analysis, to conduct a full mediation study.
Despite the inability to conduct mediation analyses, this study has several notable strengths. First we find convergence with regard to work-stress from three independent samples of the same workforce, which bolsters our confidence in the result. Second, we do not find that salaried workers at high layoff plants report more stress in either 2006 or 2009, suggesting that our results are not due to pre-existing plant differences. Third, our examination of the control question suggests that while some workers may have reported positive responses to please management, this practice was not systematic in high layoff plants. Had we found that workers in high layoff plant reported differential pride in working at Alcoa our interpretation of the resultsthat downsizing leads to higher work stress-would be undermined. Fourth, even though we are examining only one organization, the 30 plants studied cover 16 states and all census regions, suggesting that our results are unlikely due to localized effects.
The interpretation of results of this study in relation to previous studies of work stress, most notably from the cohort of civil servants in Whitehall II study [20] , require an understanding of the differences in the aim and context of the current study. The present study aims to assess changes in workers' reported stress to a firm-level exogenous stressor, severe downsizing, as opposed to examining the role of a specific job on work stress. The finding that salaried workers within the manufacturing sector reported higher levels of stress after the layoffs, while initially unexpected, are consistent in the context of the study population for several reasons. First, salaried workers reported more work stress even before the recession, suggesting that even in normal times salaried workers bear more stress in this context. Second, we find evidence of increases in reported stress in high layoff plants for salaried workers in 2010-2012, after the 2009 layoffs. According to BLS data, productivity grew by 6% in 2010 for the manufacturing sector as a whole, yet we can imagine that in certain hourly jobs (assembly line, pot rooms, etc.) there is little room for speed up and increased productivity gains, whereas there is more leeway for productivity gains for administrative and technical jobs in the salaried portion of the workforce. It is likely that during downsizing salaried workers are more vulnerable to demands of increased effort or intensity without compensating rewards because hourly workers have union protection regulating any possible speed up and because any increase in work hours is directly compensated at the known hourly rate or through overtime. Hourly workers know their exact compensation for their efforts, whereas salaried workers may experience more effort-reward imbalance because their compensation is not directly tied to their efforts, especially in the short-run. Furthermore, salaried workers were at risk of having more uncompensated work demands and/or having the scope of their work duties expanded after the recession. Hourly workers were protected from such changes in scope of their work and any extra effort would have been compensated. Thus, the increase in work stress may be concentrated in the salaried part of the workforce because of increased workloads and job insecurity. While we cannot directly observe differential changes in work demands, there was some rehiring of hourly workers in 2010-2012, whereas staffing levels remained depressed in the salaried workforce.
Conclusion
The negative consequences of the recent recession among workers who have not themselves been displaced, but have experienced severe layoffs in their own firms have been underexplored. This study is an attempt to explore work stress as a proximal "outcome" for this population. Our results suggest that downsizing led to persistent work stress, which accumulated overtime and may in turn lead to other negative outcomes, particularly negative health outcomes as have been found previously [2] [3] [4] [10] [11] [12] [13] [14] 21] . Increased work stress is important to monitor and may be a mediating pathway through which the external economic environment leads to adverse health outcomes. Future studies will need to explore the links between persistent stress and health consequences after downsizing events.
Abbreviations CI: Confidence interval; OR: Odds ratio.
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